A nationwide cross-sectional survey was conducted among individuals aged ≥18 years across China, from May 2013 to July 2014. Participants underwent urinary tract ultrasonographic examinations, completed pre-designed and standardised questionnaires, and provided blood and urine samples for analysis. Kidney stones were defined as particles of ≥4 mm. Prevalence was defined as the proportion of participants with kidney stones and binary logistic regression was used to estimate the associated factors.
Objectives
To investigate the prevalence and associated factors of kidney stones among adults in China.
Subjects and Methods
A nationwide cross-sectional survey was conducted among individuals aged ≥18 years across China, from May 2013 to July 2014. Participants underwent urinary tract ultrasonographic examinations, completed pre-designed and standardised questionnaires, and provided blood and urine samples for analysis. Kidney stones were defined as particles of ≥4 mm. Prevalence was defined as the proportion of participants with kidney stones and binary logistic regression was used to estimate the associated factors.
Results
A total of 12 570 individuals (45.2% men) with a mean (sd, range) age of 48.8 (15.3, 18-96) years were selected and invited to participate in the study. In all, 9310 (40.7% men) participants completed the investigation, with a response rate of 74.1%. The prevalence of kidney stones was 6.4% [95% confidence interval (CI) 5.9, 6.9], and the age-and sex-adjusted prevalence was 5.8% (95% CI 5.3, 6.3; 6.5% in men and 5.1% in women). Binary logistic regression analysis showed that male gender, rural residency, age, family history of urinary stones, concurrent diabetes mellitus and hyperuricaemia, increased consumption of meat, and excessive sweating were all statistically significantly associated with a greater risk of kidney stones. By contrast, consumption of more tea, legumes, and fermented vinegar was statistically significantly associated with a lesser risk of kidney stone formation.
Introduction
Kidney stones can be a major cause of morbidity, with patients usually presenting with pain and UTIs, which can result in chronic renal disease [1, 2] and even kidney loss [3] . The incidence and prevalence of kidney stones has been increasing in Western societies over the past four decades [4] [5] [6] [7] [8] [9] [10] . Published prevalence rates vary between 2% and 20% [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] , and the recurrence rate was 52% within 10 years [14] . Kidney stones are a socioeconomic and healthcare burden in many countries [6, 8, 11, 13, 15] . In the USA the expenditure on the medical management of urinary stones in 2000 was~2.1 billion dollars [15] .
Very few nationwide surveys have been conducted on the prevalence of urinary stones. The prevalence rates of these studies only represented a fragment of the population with a history of urinary stones and did not include those who might have had asymptomatic stones [4, 7, 8, [11] [12] [13] . A representative prevalence rate of a disease should be accurately assessed by random sampling of the general population, and with a definitive diagnosis [8] . There were some regional epidemiological data for urinary stones in China [16, 17] . Unfortunately, a nationwide epidemiological survey in this developing country with 1.3 billion people, accounting for almost one-fifth of the world's population is lacking [18] . Thus, the aim of the present cross-sectional study was to provide reliable and up-to-date information on the prevalence and associated factors of kidney stones in the adult population of China.
Subjects and Methods

Subjects
A multistage and clustered sampling method was used to select a representative cohort of individuals aged ≥18 years from the general population across China. The sampling process was initially stratified according to the traditional seven geographical regions of China (south, south central, southwest, east, north, northeast, and northwest), then divided into four tiers in descending order by the size of geographic area and population of the regions. The first two tiers were as follows: (i) non-randomised selection of provinces from the above seven regions, (ii) cities and counties from the selected provinces stratified by the degree of urbanisation (cities vs villages). The next tiers were randomised selections of streets (~1000-3000 households) from the cities and the villages (~100-2000 households) from the counties. The last tiers were randomised selections of households from the streets and villages for recruiting study subjects (Table S1 ). The number of households was determined by taking into account the average household adults in each street or village. For example, the average number of adults in each household was about four in a 1000-household street, thus 180 random households would be required to meet the sample size, for which the total number would be 720 persons. Any adult residents who had lived in their current residence for ≥6 months in the selected family were eligible to participate in the survey.
Each participant was informed about the study and written consent was obtained before data collection. The study was performed according to the Declaration of Helsinki. This project was approved by the Ethics Committee of the participating hospitals ( Figure S1 ).
Data Collection and Assessment Criteria
All data were collected by our research group investigators, in examination centres or community clinics, in the participant's residential areas from May 2013 to July 2014.
Participants were required to undergo face-to-face interviews using a pre-designed and standardised questionnaire (Appendix S1). Information on demographic data; personal monthly income; diet and lifestyle; co-morbidities, such as hypertension and diabetes mellitus; and family history of urinary stones; were recorded. Diet variables included consumption of water, tea, alcohol, coffee, fruit, milk, fish, seafood, meats, innards, legumes, fermented vinegar, vegetables, and carbonated beverages. Legumes refer to soybeans, peas, and lentils. A 'smoker' was defined as smoking ≥100 cigarettes in one's lifetime [19] . Regular leisure-time physical activity was defined as participation in moderate or intensive physical activity for >30 min each day, at least thrice a week [19] . Excessive sweating was defined as sweating obviously during moderate physical activity. Hypertension was defined as a systolic blood pressure of ≥140 mmHg and/or diastolic pressure of ≥90 mmHg. Diabetes mellitus was defined as any self-reported history of diabetes mellitus, and/or fasting blood glucose level of ≥7.0 mmol/L. Microscopic haematuria was defined as ≥5 red blood cells/high-power field in a urine specimen.
Urinary tract ultrasonography (UTUS) was performed by well-trained radiologists using the same model of US machine, with a 3.0-5.0 MHz frequency probe, throughout this study. Details on stone size, number, location, degree of hydronephrosis, and other urinary tract abnormalities were recorded. The longest axis of the stone in millimetres was used for the stone size. Due to the limited detection capability of UTUS, stones were defined as particles of ≥4 mm. If the diagnosis defined by two radiologists was controversial in any cases, non-enhanced helical CT, with 2-mm slices, was performed.
Urine samples were analysed in local hospitals. Blood samples were frozen and delivered to the Central Hospital of the province for analysis by automated analysers. The standard blood analysis protocol included complete blood count, fasting serum glucose, creatinine, urea, uric acid, high-density lipoprotein (HDL), low-density lipoprotein (LDL), triglycerides, cholesterol, sodium, potassium, calcium, and chloride. All laboratories for the study conformed to the standard requirements and obtained eligibility certification.
The investigators involved in this study had completed a training programme on the methodology and data acquisition procedures. Each of them had a procedure manual that detailed the administration of the questionnaires, operation of the UTUS, measurements of the blood pressure and anthropometric indices, along with collecting and handling of 110 © 2017 The Authors BJU International © 2017 BJU International the blood specimens. All the collected data were registered and analysed with Epidata software (version 3.1, EpiData Association, Denmark).
Statistical Analysis
The prevalence of kidney stones in China was estimated to bẽ 6.0% according regional data [16, 17] , using a a of 0.05, a margin of error of <2%, and a relative sampling error of 10%, indicated that 705 individuals would be needed in each site, with a predicted 20% refusal rate. Thus, a total of 9870 individuals would be required for the 14 survey sites in the seven provinces (Appendix S2).
Categorical variables were presented as proportions. Relevant characteristics were described and stratified according to the presence of kidney stones. Prevalence of kidney stones by self-report, on-site UTUS, and the life-time prevalence were calculated overall and by age, sex, urban or rural residence, monthly income, body mass index (BMI), and family history of urinary stones, which were expressed as unadjusted rates with 95% CIs. The age-and sex-adjusted prevalence rates of kidney stones by UTUS detection was estimated by the direct method using the known population distribution within China in 2010 [18] .
Differences between the categorical variables were compared using the chi-square test. The associations between kidney stones that were found by UTUS and relevant covariates were calculated using binary logistic regression models. Covariates included degree of urbanisation, gender, age, education, current smoker, personal monthly income, BMI, amount of water intake, consumption of tea, alcohol, coffee, fresh fruit, carbonated beverages, fermented vinegar, meats, fish, innards, seafood, legumes, fresh vegetables, as well as hypertension, diabetes mellitus, regular leisure-time physical activity, sweating, family history of urinary stones, hyperuricaemia, serum calcium, serum cholesterol levels, serum triglycerides levels, serum LDL and serum HDL levels (Appendix S3). To establish the most suitable regression model, firstly, we used univariate analysis to evaluate the association between kidney stones and these covariates. Secondly, we selected some covariates to build a basic regression model. These covariates were statistically significant (P < 0.05) according to univariate analysis and associated with increased risks of kidney stones in previous studies [10, 12] and/or were based on our scientific/clinical knowledge. They included urbanisation, gender, age, personal monthly income, BMI, amount of water intake, consumption of fermented vinegar and meats, hypertension, diabetes mellitus, family history of urinary stones, hyperuricaemia, serum cholesterol levels, serum triglycerides levels, serum LDL and serum HDL levels. Thirdly, we entered the rest of the covariates into the model one by one to estimate the effect on the model. The covariate would be retained if it had a change in the effect estimate of >10% [20] . Multivariable adjusted odd ratios and 95% CIs were calculated. All P values were two-tailed and findings at P < 0.05 were considered statistically significant. The statistical analyses were performed using the Statistical Package for the Social Sciences software (SPSS â , version 17.0, IBM, Armonk, USA).
Results
A total of 12 570 individuals (5686 men and 6884 women) with a mean (SD, range) age of 48.8 (15.3, 18-96) years were selected and invited to participate in the study, and 9686 (77.1%) accepted the interview. Of the 9686 individuals, 364 failed to complete the questionnaire and 12 were excluded from the study due to unusable blood samples. Thus, 9310 individuals (3792 men and 5518 women) with a mean (SD, range) age of 51.3 (14.2, 18-96) years were included in the final analysis. The response rate was 74.1% ( Figure 1 ). In comparison with the individuals who responded, the proportion of men among missing samples was statistically significantly higher (58.1% vs 40.7%; P < 0.001), and they were younger (P < 0.001).
Among these 9310 participants, 600 (288 men and 312 women) were found to have kidney stones (defined as the actual presence of stones in the kidney at the time of the study), including 34 participants who received spiral CT examination of which five cases were found with kidney stones. Consequently, the prevalence of kidney stones was 6.4% (95% CI 5.9, 6.9). When adjusted by the population of China 2010 census, the prevalence rate was 5.8% (95% CI 5.3, 6.3; 6.5% in men and 5.1% in women). The prevalence by self-report in the questionnaire, which represented those who had a history of kidney stones, was 11.7% (95% CI 11.0, 12.3). The overall life-time prevalence of kidney stones was 15.5% (95% CI 14.8, 16.2), including participants who had a history of kidney stones by self-report and on-site UTUS detection ( Table 1 ).
The UTUS-confirmed prevalence, self-reported prevalence and life-time prevalence of kidney stones varied greatly between geographical regions in China (Table 2) . Among these regions, the highest prevalence of kidney stones was in the south, and the lowest was in the north. Similarly, the selfreported prevalence and life-time prevalence had similar distributions by region.
The prevalence of kidney stones was significantly higher for people living in rural areas than those living in urban areas, higher in men than in women, and higher for those who had a family history of kidney stones ( Table 1 ). The prevalence rates increased with age, decreased with higher monthly income, but there were no statistically significant differences between the different levels of education and BMI. The overall distributions of self-reported and life-time prevalence of kidney stones were consistent with the UTUS-confirmed prevalence, except with respect to levels of education.
The characteristics of the 600 participants with kidney stones are shown in Table 3 . A single stone and stones with a diameter of <10 mm were the most common. And 7.3% (95% CI 5.2, 9.4) of cases were found to have hydronephrosis. The incidence of flank pain, gross haematuria and microscopic haematuria among these patients were 33.8% (95% CI 30.0, 37.6), 5.5% (95% CI 3.7, 7.3), and 19.0% (95% CI 15.9, 22.1), respectively. In general, 49.0% (95% CI 45.0, 53.0) of patients with kidney stones showed at least one of above urinary system symptoms, 40.8% (95% CI 36.9, 44.8) of the patients had previously been diagnosed with urinary stones, and 33.0% (95% CI 29.2, 36.8) of the patients were asymptomatic, without any urinary symptom and having never had stones before.
Binary logistic regression analysis showed that male gender, rural residency, age, family history of urinary stones, concurrent diabetes mellitus and hyperuricaemia, increased consumption of meat, and excessive sweating, were all statistically significantly associated with a greater risk of kidney stones. By contrast, consumption of more tea, legumes, and fermented vinegar were all statistically significantly associated with a lesser risk of kidney stone formation (Table 4) .
Discussion
The present study found that currently kidney stones affect about one in 17 adults (the adjusted prevalence rate was 5.8%; 6.5% in men and 5.1% in women) in China. When adjusted to the 1.1 billion adult population of China, 61.2 million people (34.7 million men and 26.5 million women) probably currently have kidney stones. These data were obtained from a nationwide representative sample of UTUS-based diagnosis, using stringent quality control procedures. These findings represent an accurate picture of the substantial burden on healthcare services caused by the high prevalence of kidney stones in China. To our knowledge, this is the first pan-national epidemiological study of kidney stones based on UTUS determination to be published.
In previous reports of nationwide surveys on the prevalence of kidney stones, values have ranged from 4% to 14.8% [7, 8, [11] [12] [13] . These big variations are probably partly due to the differences in the epidemiological survey methodology, the response rates, the diagnostic criteria, the definition of prevalence of kidney stones, and disproportions in the age and sex of the study cohorts. The diagnostic criteria for kidney stones used in those previous studies were all based on self-reported history of stones [6] [7] [8] [11] [12] [13] . Some of the studies were not population based, nor did they use representative sampling [7, 11] . Therefore, such data can only represent the segment of the population that had been previously been diagnosed with kidney stones. In our present study, the prevalence was 6.4% based on on-site UTUS. When kidney stone prevalence was estimated by 'selfreported' in a questionnaire format, as used in the other studies [7, 8, [11] [12] [13] , our prevalence rate was 11.7%, and the overall life-time prevalence of kidney stones was 15.5%, which was much higher than the prevalence evaluated by UTUS examination. Therefore, apparently 'self-reported' is not a reliable method for determination of the existing prevalence of kidney stones.
In the analysis of geographical differences, all of the prevalence rates (by UTUS, self-reported, and life-time) of kidney stones in the south and southwest regions were much higher than in the north and northwest parts of China. Coincidentally, these distributions were similar to the distributions in the USA [7, 21, 22] , which reflect that climate changes and temperature differences strongly impact stone formation. The mean annual temperature has been reported to account for~70% of the influence on changes in the status of body fluid and diuresis [22] . It is well known that people living in higher temperature areas have lower urine output due to perspiration and other internal as well as external fluid losses, which can lead to increased crystallisation and stone formation in the urinary tract [23] . This environmental difference would probably be the explanation for the higher prevalence of kidney stones in the southern part of China, as the mean annual temperature values of the south and southwest are much higher than the north and north-western areas [21, 22] .
We found that greater prevalence of kidney stones was positively associated with age. The same findings have been reported in the USA, Germany, Iceland, and Iran [7] [8] [9] 12] . The reasons for this phenomenon might involve changes in dietary habits, lifestyle and metabolic abnormalities. Also, we also found that kidney stones were more common in men than in women, in agreement with other studies [6] [7] [8] [11] [12] [13] .
Contrary to other reports [6-9,13], we found that the selfreported, current (UTUS confirmed), and lifetime prevalence rates of kidney stones were all statistically higher in rural areas than in urban areas. The difference probably reflects dietary habits, and social and economic factors associated with the prevalence of kidney stones, as seen between developing and developed countries [12, 24] . In China, people living in rural area have lower incomes, less access to health care, lack medical insurance, and have poor medical knowledge compared to people living in cities [25] . In addition, we found that only 40.8% of patients with kidney stones were diagnosed appropriately, and 33.0% of the patients had asymptomatic stones. It appears that many patients with kidney stones in rural areas do not seek treatment until more severe symptoms present. Their stones were mainly diagnosed by UTUS for the first time as part of the present study; therefore no doubt the actual prevalence rate of kidney stones may be higher. By contrast, residents in urban areas may have more regular medical evaluations for preventative advice or appropriately timed treatment.
Many studies have shown a possible association between metabolic syndrome and kidney stones, such as obesity (measured as increased BMI), dyslipidaemia, hypertension, and disorders of calcium and phosphorus metabolism, etc. *Odds ratios were calculated using binary logistic models. † Diabetes mellitus was defined as any self-reported history of diabetes mellitus, or/and fasting blood glucose of ≥7.0mmol/L. ‡ Hyperuricaemia was defined by serum uric acid concentration of >422.0 lmol/L for men and >363.0 lmol/L for women. § Fermented vinegar usually is sorghum and barley based. In addition to the main component of acetic acid, which accounts for~5% by volume, it also contains other acids, esters, polyphenols and other active substances.
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Dietary factors play an important role in the pathogenesis of kidney stones. Higher consumption of animal protein has been shown to increase the excretion of calcium, oxalate, and uric acid in urine [27] [28] [29] , consequently predisposing to kidney stones. The present study supports this, as higher consumption of meats significantly increased the risk of stone formation. The traditional Chinese diet contains less animal protein and a higher proportion of vegetables compared with the diet in some Western countries, which might be good for prevention of stone formation [30] . Indeed, in the present study, increased consumption of tea, legumes and fermented vinegar were associated with a lesser risk of kidney stones. Other findings in the present study indicate that a family history of urinary stones was associated with a higher prevalence of kidney stones [31] , suggesting that genetic or family-related environmental factors were also important in urinary stone formation.
There are some limitations to the present study. Firstly, the cross-sectional survey design limited causal inference regarding potential risk factors for urinary stones. Secondly, the response rate was only 74.1%. The main reason was that our present study required face-to-face interview; some of the younger adults were unable to keep their appointments due to their out-of-town work. However, we tried to reschedule all the cancelled appointments. Thirdly, our present study defined stones as particles of ≥4 mm by UTUS. This would exclude all the stones of <4 mm, and might lead to an underestimation of stone prevalence. However, we performed non-enhanced CT for all the uncertain cases.
To conclude, nephrolithiasis (kidney stones) is a common disease in China, which currently affects about one in 17 adults. Diet and lifestyle play an important role in the epidemiology of kidney stones. The common Chinese dietary habits of consuming tea, legumes, and fermented vinegar could reduce the risk of kidney stone formation.
